Biological assessment of neonicotinoids imidacloprid and its major metabolites for potentially human health using globular proteins as a model.
The assessment of biological activities of imidacloprid and its two major metabolites, namely 6-chloronicotinic acid and 2-imidazolidone for nontarget organism, by employing essentially functional biomacromolecules, albumin and hemoglobin as a potentially model with the use of circular dichroism (CD), fluorescence, extrinsic 8-anilino-1-naphthalenesulfonic acid (ANS) fluorescence as well as molecular modeling is the theme of this work. By dint of CD spectra and synchronous fluorescence, it was clear that the orderly weak interactions between amino acid residues within globular proteins were disturbed by imidacloprid, and this event led to marginally alterations or self-regulations of protein conformation so as to lodge imidacloprid more tightly. Both steady state and time-resolved fluorescence suggested that the fluorescence of Trp residues in proteins was quenched after the presence of imidacloprid, corresponding to noncovalent protein-imidacloprid complexes formation and, the reaction belongs to moderate association (K=1.888/1.614×10(4)M(-1) for albumin/hemoglobin-imidacloprid, respectively), hydrogen bonds and π stacking performed a vital role in stabilizing the complexes, as derived from thermodynamic analysis and molecular modeling. With the aid of hydrophobic ANS experiments, subdomain IIA and α1β2 interface of albumin and hemoglobin, respectively, were found to be preserved high-affinity for imidacloprid. These results ties in with the subsequently molecular modeling laying imidacloprid in the Sudlow's site I and close to Trp-213 residue on albumin, while settling down B/Trp-37 residue nearby in hemoglobin, and these conclusions further confirmed by site-directed mutagenesis and molecular dynamics simulation. But, at the same time, several crucial noncovalent bonds came from other amino acid residues, e.g. Arg-194 and Arg-198 (albumin) and B/Arg-40, B/Asp-99 and B/Asn-102 (hemoglobin) cannot be ignored completely. Based on the comparative studies of binding modes between imidacloprid and its two primary metabolites with globular proteins, it is evident to us that the noncovalent interactions of 6-chloronicotinic acid and 2-imidazolidone with biopolymers are not always to be decreased obviously as a result of the relatively small molecular structures of these metabolites, compared with parent compound imidacloprid. Conversely, this could probably strengthen the weak interactions existed in the macromolecules-metabolites conjugation, or rather, the metabolites such as 6-chloronicotinic acid and 2-imidazolidone contributed drastically to the overall toxicity of imidacloprid.